Introduction
Most recent research on early mammalian development has been focused upon a select group of laboratory and farm animals. To a certain extent such a concentration of effort has been healthy, since it has provided us with a detailed understanding of early pregnancy in these species. It must be kept in mind, however, that the resulting picture often may not be representative of events occurring in other mammals. Comparative studies can help us to distinguish between the processes and underlying regulatory mechanisms which are common to many species and those which are restricted to a few. The comparative approach is also valuable because it occasionally draws attention to animals which are more ideally suited than the common experimental species for the investigation of specific problems. The purpose of the present paper is to review some of the major features of early pregnancy in bats, one of the largest but most inadequately studied groups of mammals.
Ovum maturation and fertilization
Observations on ovum maturation and fertilization are available for relatively few species of bats. Elimination of the first polar body and formation of the second meiotic spindle have been observed in preovulatory follicles of the vespertilionid bats Nyctalus noctula (van der Stricht, 1910) , Nyctalus leisleri (Ramaswami, 1933) , Myotis lucifugus (Wimsatt, 1944a) , and Plecotus townsendii (Pearson, Koford & Pearson, 1952) . The ova were still at this stage when they arrived in the first half of the oviduct where fertilization occurs. Primary oocytes undergoing the first meiotic division have also been found in mature preovulatory follicles of the phyllostomatid bats Carolila sp. and Desmodus rotundus (Bonilla & Rasweiler, 1974; Quintero & Rasweiler, 1974) and the noctilionid bat Noctilio albiventris (Rasweiler, 1977) . Apparently fresh secondary oocytes had been transported as far as the oviductal ampulla in laboratory-bred Carolila sp. and D. rotundus, suggesting that this is the normal site of fertilization in these species. This may not hold true for all bats. In the case of N. albiventris, 2 ova in the early stages of fertilization were found in the infundibulum and at the infundibular-ampullary junction respectively. It is unclear whether these observations reflect the initiation of fertilization before the arrival of ova in the ampulla or their occasional retrograde transport after sperm entry. It is certainly conceivable that the latter might even be caused by oviductal contractions at the time of death.
Preimplantation development
Information concerning the preimplantation phase of embryonic development is presently available for representatives of only 8 of the 17 chiropteran families, and unfortunately is still quite limited for several of these groups (Table 1) . Nevertheless, they already reveal the existence of considerable diversity within the order. Embryos of the vespertilionid and rhinolophid bats generally pass into the uterus while still at relatively early cleavage stages. When appropriate fixatives were used, zonae pellucidae have been observed surrounding early uterine embryos in members of both families (van Beneden & Julin, 1880; Beneden, 1911; Levi, 1915;  Redenz, 1929) , but the process of zona loss seems to vary between different species of vespertilionids. In Myotis lucifugus the zona becomes distended, progressively thinner, and finally disappears as the blastocyst expands in the uterus (Wimsatt, 1944b) . Discarded zonae pellucidae have been noted in the uteri of Miniopterus australis which contained unimplanted blastocysts (Richardson, 1977) . Van Beneden's (1911) (Quintero & Rasweiler, 1974; unpublished observations (Rasweiler, 1977) . During implantation (see below) the cells in the interior of the blastocyst seem to give rise to both an embryonic cell mass and extraembryonic endoderm. Wimsatt (1954 Wimsatt ( , 1975 noted that the blastocyst of D. rotundus is unusual in exhibiting the differentiation of endoderm prior to its passage into the uterus. The only other mammals in which this has been reported to occur are the armadillo, Dasypus novemcinctus, and the loris, Nycticebus (Patterson, 1913; Hill, 1932) . Obviously, this must also take place in the event of tubai pregnancies in man. The armadillo blastocyst further resembles that of D. rotundus in that it passes into the uterus without a zona pellucida (Enders & Buchanan, 1959) .
Development to the blastocyst stage in the oviduct has also been observed in two of the pteropodid bats (Table 1) . In Rousettus amplexicaudatus, several of these tubai blastocysts were still encased by zonae pellucidae, one expanding blastocyst had partly escaped from its zona, and another was zona-free (Kohlbrugge, 1913) .
Temporal data on early development obtained from laboratory-bred animals are available for three of the phyllostomatid bats (Table 2 ). The rate of cleavage in these bats is slower than that exhibited by the more commonly studied mammals (see Blandau, 1969) . Furthermore, the tubai journey of the ovum is prolonged, requiring 12-14 days in G. soricina, [13] [14] [15] Fig. 1 ). However, these could have developed from ova released well after the onset of oestrus. Five out of 9 Carolila (Rasweiler, 1973) . The effects of this response upon reproductive function are unknown, but it seems possible that cleavage and ovum transport might be retarded by the accompanying reduction in body temperature (see Racey, 1973) . (Rasweiler, 1978) . Rich glycogen deposits are sometimes seen in uterine epithelial elements of those mammals in which the uterus plays a relatively greater role in the maintenance of the preimplantation embryo (Gordon, 1975; Enders & Given, 1977 (Wimsatt, 1949) . Development of the embryo to the blastocyst stage in the oviduct is also associated in the noctilionid and phyllostomatid bats with a distinctive pattern of uterine growth. When the uteri of N. albiventris captured around the time of a synchronized peak of ovulations in a wild population were examined, the endometria of bats which had not yet ovulated (including those with mature preovulatory follicles) were shallow, with a very dense stroma and short uterine glands. Significant growth of the stroma and glandular hypertrophy only became evident in these animals after ovulation (Rasweiler, 1978) . When female G. soricina were maintained in sexually segregated groups in captivity, most ovulated spontaneously and had cycles of 22 to 26 days. The corpus luteum (CL) of the cycle is apparently functional in this species, since endometrial development accompanied luteinization of the ruptured follicle and endometrial regression was associated with luteal involution. The uterine cycle was terminated by true menstruation, i.e. extensive necrosis and desquamation of much of the lamina functionalis with associated bleeding. Although the extent of endometrial breakdown is comparable to that seen in the menstrual uteri of catarrhine primates, the timing of the process in G. soricina is quite unusual. Menstruation was observed in bats killed both immediately before and after ovulation. Although some mitotic activity was seen in the endometria of these animals, most uterine regeneration did not take place until the postovulatory period (Rasweiler, 1972 (Rasweiler, , 1979a (Rasweiler, , 1979b (Bonilla & Rasweiler, 1974; Quintero & Rasweiler, 1973 (Rasweiler, 1972 (Rasweiler, , 1979b . The differential transport of embryos and degenerating ova has been observed in mares and donkeys by other investigators and may also occur in the noctilionid bat N. albiventris (Rasweiler, 1977) . The mechanism(s) responsible for this fascinating phenomenon remains unclear.
Implantation
In most of the bats which have been examined to date, the blastocysts expand within the uterine cavity and become superficially implanted ( fig. 1 ). These narrow tubular segments are surrounded by typical endometrial tissue and much of each segment is lost when menstruation occurs. It has therefore been suggested that these segments are actually uterine and homologous to the cranial ends of the horns in a bicornuate uterus. The fact that implantation has been initiated at this site is subsequently obscured as the narrow tubular segment (the intramural uterine cornu) is obliterated by invasion of the trophoblast into the surrounding endo¬ metrium and by filling-in of the decidua around the blastocyst (Rasweiler, 1974) .
In another phyllostomatid, Carolila sp., the mouth of each intramural uterine cornu is wider than in G. soricina (Text- fig. 1 ; PI. 1, Fig. 2 ). Furthermore, some uterine glands open into the lumina of the cornua, whereas this is not the case in G. soricina. There is also slightly greater (Wimsatt, 1954) . In Macrotus sp., on the other hand, the blastocyst expands Text- fig. 1 . Sites of implantation in the uteri of (a) Glossophaga soricina, (b) Noctilio albiventris, and (e) Carolila sp. Although implantation is initiated close to the uterotubal junction in N. albiventris, early implanting blastocysts have never been observed covering the uterine end of the oviduct, which is usually situated somewhat dorsal to the implantation site.
within the lumen of the right horn and becomes superficially implanted. Ovulation and implan¬ tation apparently do not occur on the left side in these bats (Bodley, 1974; Bleier, 1975) .
The noctilionid bat Noctilio albiventris also has a partly bicornuate uterus, but its uterine horns are longer than the uterine corpus (Text- fig. 1 ). Running along the lateral and antimeso¬ metrial side of each horn is a ridge of endometrium in which the blastocyst implants (Anderson & Wimsatt, 1963; Rasweiler, 1977 Rasweiler, , 1978 Fig. 11 ; also see below). Although decidual reactions occur in the endometrial stroma underlying both attachment sites, the decidua at the abembryonic pole subsequently undergoes necrosis, freeing that pole of the blastocysts (PI. 2, Figs 12 and 13 ). This does not appear to be a direct cytolytic effect of the trophoblast, since intact decidual tissue is often observed between the trophoblast and deeper areas of decidual necrosis (see Rasweiler, 1977, Fig. 31 (Keibel, 1922; Gopalakrishna, 1971) albiventris. Broad areas of trophoblast were closely apposed to the uterine epithelium of the endometrial ridge (ER) and the cranial end of the horn (in other sections). Only a dispersed monolayer of cells (arrowheads) was present inside the blastocyst. Part of this layer was sectioned tangentially· in Fig. 8 . ZP = zona pellucida shed either by the blastocyst shown or a twin present in the ipsilateral oviduct. Fig. 7 , Masson's trichrome; Fig. 8 , Haematoxylin-Giemsa, xl45. Fig. 9 . Implanting blastocyst in N. albiventris. The trophoblast (at arrowheads) had penetrated to the stroma at both attachment sites, although scattered uterine epithelial cells were still present in these regions. The space occupied by the upper arrowheads is a shrinkage artefact. Only a monolayer of cells is present inside of the blastocyst. ZP = part of zona pellucida. PAShaematoxylin, 145. Fig. 10 . Section through the centre of an implanting blastocyst in N. albiventris. The trophoblast (at arrowheads) had penetrated to the endometrial stroma at both attachment sites. Although some of the cells inside the blastocyst were clustered together, these masses did not demonstrate any obvious orientation relative to the uterus. * = artefactual space. PAS-haematoxylin, 145. Fig. 11 . At this stage of implantation in iV. albiventris a single embryonic cell mass was present and orientated correctly toward the endometrial ridge (ER). At higher power a single layer of more basophilic, flattened cells (presumably endoderm) could be discerned on the ventral surface of the embryonic cell mass. Masson's trichrome, 145. Fig. 12 . An implanting blastocyst in N. albiventris which was in the process of being freed from its attachment to the cranial end of the uterine horn by decidual necrosis. Both visceral and parietal endoderm are evident. Masson's trichrome, 180. Fig. 13 . The abembryonic pole of this implanting blastocyst in N. albiventris had been com¬ pletely freed of its attachment to the cranial endometrium. 180. of this region in G. soricina, Carollia sp., or N. albiventris. In the case of G. soricina animals were killed at daily intervals from the time of mating, and the earliest uterine blastocysts examined (i.e. on Days 12-14 p.c.) had already begun to implant. Apparently unattached blastocysts were observed in the intramural uterine cornua of 3 Carollia obtained on Days 14-15 p.c., but the space between each of them and the uterine wall might well have been a shrinkage artefact.
In bats belonging to the families Pteropodidae, Emballonuridae and Noctilionidae, the endometrium at the prospective site of implantation undergoes preferential development while the embryo is still in the oviduct (Rasweiler, 1978) . At least in P. kapperi this localized endometrial reaction seems to result in closure of the cranial end of the uterine lumen before arrival of the embryo. This may preclude movement of the embryo further down the horn before blastocyst expansion, zona loss and trophoblast-endometrial interactions also enter into the picture. In one of these bats the embryo being held at the implantation site was only a zona-encased morula.
The development of unilateral endometrial reactions, which seem to determine the site of implantation in bats of these 3 families, presumably depends upon local stimulation of the ipsilateral uterine horn by hormones from the ovary containing the new CL. Although several different local routes or mechanisms could be involved, evidence has recently been obtained that the cranial end of each uterine horn in N. albiventris is vascularized by a branch of the ipsilateral ovarian artery. This has led to the suggestion that the unilateral endometrial reaction may be attributable to a local countercurrent exchange of hormones between the ovarian venous and/or lymphatic drainage and closely apposed sections of the ovarian artery on the side of ovulation (Rasweiler, 1978 (Rasweiler, 1972 (Rasweiler, , 1978 Bonilla & Rasweiler, 1974) , at least part of the local pathway seems to be operating in all 3 species.
It deserves to be recognized that there are many bats which deviate from this pattern of exhibiting implantation close to the uterotubal junction ipsilateral to the new CL (which may be in either ovary). Some members of the order are polyovular and can simultaneously carry conceptuses in both uterine horns. There are other bats in which implantation is almost always restricted to one of the uterine horns (i.e. only the right or the left horn is competent for implantation purposes). Depending upon the species this may be associated with the release of ova from either ovary or just from one (which may consistently be either ipsilateral or contralateral to the implantation site). Finally, it has been observed that implantation in some of these bats always occurs near the middle or the vaginal end of the uterine horns (Gopalakrishna, 1971; Wimsatt, 1975 Wimsatt, , 1979 . The factors which underlie this diversity in positioning of the implantation sites in bats are simply not known. Their identification might contribute to our understanding of the implantation process in a broader range of mammals.
Orientation of the inner cell mass
Comparative studies have generally revealed that the orientation of the embryonic mass at first attachment of the blastocyst to the endometrium is fairly consistent within most major groups of mammals (i.e. orders and suborders). This is usually but not always correlated with the subsequent positioning of the placenta and fetal membranes. For example, the mass always becomes orientated towards the mesometrial side of the uterus in rodents and lagomorphs, and this is also the eventual location of the placental disc in these animals. The bats and insectivores are unusual, however, since several different orientation patterns have been observed within each order (Table 3 ; Mossman, 1937 Mossman, , 1971 Gopalakrishna, 1971; Wimsatt, 1975 (Gopalakrishna & Khaparde, 1972) . The mesometrial position of the chorio-allantoic placenta in Hipposideros fulvus also differs substantially from the orientation of the embryonic mass during implantation (i.e. lateral to completely antimesometrial; Karim, 1974) .
The initial stages of implantation in Noctilio albiventris are also unusual. As noted previously a typical inner cell mass was not even present in the earliest uterine blastocysts, although the trophoblast was very closely apposed to the uterine epithelium in the normal zones of attachment in 1 bat and had penetrated the epithelium at these sites in 4 other animals. (Mutere, 1967 (Richardson, 1977 (Bradshaw, 1962; Bleier, 1975 (Fleming, 1971) . Finally, there is some evidence that a period of retarded embryonic development also occurs in the natalid bat Natalus stramineus (Wimsatt, 1975 
